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(57)Abstract: 

PURPOSE: To improve the circuit characteristics of a semiconductor device 
by forming the second oxidized film which reaches an insulating substrate on 
the region exposed with silicon pattern and the third oxidized film which 
reaches at least the first oxidized film and does not reach the substrate, 
thereby eliminating the floating state of the substrate while corresponding to 
the trend to the decrease in the thickness of a silicon layer. 
CONSTITUTION: Though the thickness of a silicon layer formed on a 
sapphire substrate 3 1 is extremely thin, e.g., 4,000&angst;, a p+ type impurity 
layer 40 having sufficient thickness to become wirings between the third 
oxidized film 39 and the substrate 3 1 can remain. Accordingly, a 
semiconductor base 45 between a source region 43 and a drain region 44 can 
be externally led through the layer 40 and the base leading region 46, and the 
potential can be fixed. Thus, the circuit characteristics can be improved. 
Further, since the third oxidized film 39 on the layer 40 to become wirings is 
thick, the floating capacity between the wirings and the silicon layer can be 
reduced, and the circuit characteristics such as propagation velocity and the 
like does not deteriorate. 
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through the layer 40 and the base leading region 46, and the potential can be 
• fixed. Thus, the circuit characteristics can be improved. Further, since the 
third oxidized film 39 on the layer 40 to become wirings is thick, the floating 
capacity between the wirings and the silicon layer can be reduced, and the 
circuit characteristics such as propagation velocity and the like does not 
deteriorate. 
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* NOTICES * 
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damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the semiconductor device which has the 
separation insulator layer (partialness STI (Partial Shallow Trench Isolation) is called below) which the base does not reach to 
an embedded oxide film, and its manufacture method about the semiconductor device and its manufacture method of SOI 
(Silicon On Insulator) structure. 
[0002] 

[Description of the Prior Art] The semiconductor device which has the SOI structure which consists of a semiconductor 
substrate, an embedded oxide film, and a semiconductor layer Since the active region is enclosed by an embedded oxide film 
and the isolation (Full STI (Full Shallow Trench Isolation) is called below) which the base reaches to an embedded oxide 
film, Since there is no fear of a latch rise taking place and the source drain field is in contact with the embedded oxide film, 
even if it forms a CMOS transistor, While a junction capacitance is small compared with the semiconductor device with 
which the direct transistor was formed in the semiconductor substrate front face and high-speed operation is possible, the 
leakage current at the time of standby also becomes small, and it has the advantage that power consumption can be 
suppressed. The thickness of the semiconductor layer formed on the embedded oxide-film front face 0.15 micrometers or 
more, for- example however, in a certain case The carrier (nMOS a hole and pMOS electron) generated according to an 
ionization by collision phenomenon collects in the semiconductor layer of the lower part of a channel formation field. Since 
there are various troubles produced according to the substrate suspension effects, like the frequency dependence of a time 
delay comes out since a kink occurs by this, pressure-proofing of operation does not deteriorate and the potential of a channel 
field is not stabilized, generally the potential of a channel formation field is fixed. The semiconductor device with which the 
potential of a channel formation field was fixed is indicated in this way by JP,58-124,243,A. 

[0003] In recent years, since potential of a channel formation field is not further fixed for every transistor, but the potential of 
the channel formation field of two or more transistors of the same conductivity type is fixed collectively, partialness STI 
separates, detailed-ization is attained and this structure is indicated by IEEE International SOI Conference, Oct. 1997, etc. 
[0004] Drawing 26 is the plan showing the conventional semiconductor device, and, as for a gate electrode, and 107 and 108, 
for 104, a separation insulator layer and 106 are [ a source drain field and 109 ] wiring in drawing. As shown in drawing, in 
the case of partialness STI, the wiring 109 for fixing the potential of a channel formation field is formed to two or more 
transistors of the same conductivity type, and it is. Drawing 27 is the cross section showing the conventional semiconductor 
device, and is a cross section in the X-X cross section of drawing 26 . For an embedded oxide film and 1010, as for a gate 
insulator layer and 103, in drawing, a channel formation field and 105 are [ 101 / a semiconductor substrate and 102 / a 
semiconductor layer and 1011] channel cut layers. As shown in drawing, the separation insulator layer 104 between two 
adjoining transistors does not reach the embedded oxide film 102, but the channel cut layer 1011 containing the 
high-concentration impurity of the same conductivity type as the channel formation field 1010 is formed in the bottom of the 
separation insulator layer. 104. And two channel formation fields 1010 are in the state where it was connected through the 
channel cut layer 101 1, and this connects with wiring 109 and is fixing the potential of the channel formation field 1010. 
[0005] 

[Problem(s) to be Solved by the Invention] Element separation pressure-proofing with partialness STI structure However, a 
low sake, To either of each wiring (not shown) linked to the source drain field of the adjoining transistor, source voltage, 
When the potential difference occurs between source drain fields which adjoin through a channel cut layer drain voltage is 
impressed to another side - Since a comparatively big leakage current may have flowed in a channel cut layer, large element 
separation width of face had to be taken, and there was a trouble of barring detailed-ization. 

[0006] Drawing 28 is the cross section showing the conventional semiconductor device, and is a cross section in the Y-Y 
cross section of drawing 26 . Since the separation insulator layer 104 has not reached the embedded oxide film 102 between 
the source drain fields of the adjoining transistor so that it may understand also from this drawing, a leakage current may flow 
through the channel cut layer 1011. 

[0007] this invention was made in order to solve the above-mentioned technical problem, it suppresses the leakage current 
which flows through the channel cut layer under this separation insulator layer in the semiconductor device equipped with the 
separation insulator layer of the partialness STI structure which can bundle up the voltage of the channel formation field of 
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two or more transistors, and can be fixed, and aims at acquiring the semiconductor device which improved, and its 

manufacture method. 

[0008] 

[Means for Solving the Problem] The semiconductor device concerning this invention is equipped with the SOI substrate 
which serves as a semiconductor substrate and an embedded oxide film from a semiconductor layer. The separation insulator 
layer formed by surrounding the 1st and 2nd active regions arranged in the main front face of a semiconductor layer, and 
separating an embedded oxide film and a predetermined distance, The 1st active element formed in the 1st active region, and 
the 2nd active element formed in the 2nd active region, Since it is characterized by having the impurity layer formed in one 
principal plane of the semiconductor substrate near the interface with an embedded oxide film, and the wiring which connects 
with an impurity layer electrically and the impurity layer is formed, Pressure-proofing can be made high, while being able to 
suppress generating of the leakage current in this portion, even if the potential difference occurs between the transistors which 
adjoin through a separation insulator layer. 

[0009] An impurity layer and a semiconductor layer are the 1st conductivity type, furthermore, the 1st active element It is the 
MOS transistor which has the 1st source field and drain field of the 2nd conductivity type which reach an embedded oxide 
film from the main front face of the 1st active region, the 2nd active element It is the MOS transistor which has the 2nd source 
field and drain field of the 2nd conductivity type which reach an embedded oxide film from the main front face of the 2nd 
active region. It is what is characterized by fixing the potential of an impurity layer and the semiconductor layer under a 
separation insulator layer. Since the voltage clamp of the impurity layer of a semiconductor substrate front face is formed and 
carried out by the transistor and the reverse conductivity type while fixing the potential of the semiconductor layer under a 
separation insulator layer, Pressure-proofing can be made high, while being able to suppress generating of the leakage current 
in this portion, even if the potential difference occurs between the source drain fields of the transistor which adjoins through a 
separation insulator layer. 

[0010] An impurity layer and a semiconductor layer are the 1st conductivity type, moreover, the 1st active element It is the 
MOS transistor which has the 1st source field and drain field of the 2nd conductivity type which reach an embedded oxide 
film from the main front face of the 1st active region, the 2nd active element It is the MOS transistor which has the 2nd source 
field and drain field of the 2nd conductivity type which reach an embedded oxide film from the main front face of the 2nd 
active region. It is what is characterized by fixing the potential of an impurity layer and not fixing the potential of the 
semiconductor layer under a separation insulator layer. While being able to arrange mutual threshold voltage with a sufficient 
precision by making the channel formation field of the adjoining transistor into floating, and sharing it, without fixing the 
potential of the semiconductor layer under a separation insulator layer Since the voltage clamp of a transistor and the impurity 
layer of a reverse conductivity type is formed and carried out to the semiconductor substrate front face under a separation 
insulator layer, Pressure-proofing can be made high, while being able to suppress generating of the leakage current in this 
portion, even if the potential difference occurs between the source drain fields of the transistor which adjoins through a 
separation insulator layer. 

[001 1] A semiconductor layer is the 1st conductivity type and an impurity layer is the 2nd conductivity type, moreover, the 
1st active element It is the MOS transistor which has the 1st source field and drain field of the 2nd conductivity type which 
were formed by separating an embedded oxide film and a predetermined distance from the main front face of the 1st active 
region. The 2nd active element is a MOS transistor which has the 2nd source field and drain field of the 2nd conductivity type 
which were formed by separating an embedded oxide film and a predetermined distance from the main front face of the 2nd 
active region. The voltage impressed to an impurity layer is what is characterized by being a reverse bias to a semiconductor 
substrate. When a reverse bias impresses this voltage to a semiconductor substrate at an impurity layer in the case of the 
structure which the source drain field has not attained to the embedded oxide film Pressure-proofing can be made high, while 
being able to suppress generating of the leakage current in this portion, even if the potential difference occurs between the 
source drain fields of the transistor which adjoins through a separation insulator layer. 

[0012] Moreover, the voltage which reaches an embedded oxide film from the semiconductor layer front face under a 
separation insulator layer, adjoins mutually, and serves as a reverse bias is further equipped with the 1st impurity range of the 
1 st conductivity type impressed, respectively, and the 2nd impurity range of the 2nd conductivity type. The 1 st active element 
reaches an embedded oxide film from the main front face of the 1st active region. Either is the MOS transistor which has the 
1st source field and drain field of the 2nd conductivity type which adjoin the 1st impurity range, the 2nd active element It is 
the MOS transistor which has the 2nd source field and drain field of the 1st conductivity type where an embedded oxide film 
is reached from the main front face of the 2nd active region, and either adjoins the 2nd impurity range. The voltage impressed 
to an impurity layer is what is characterized by being a reverse bias to a semiconductor substrate. Pressure-proofing can be 
made high, while suppressing generating of the leakage current in this portion, even if the potential difference occurs between 
the source drain fields which adjoin through a separation insulator layer, since the potential of the 1st, the 2nd impurity range, 
and an impurity layer is fixed. 

[0013] Moreover, the voltage which reaches an embedded oxide film from the semiconductor layer front face under a 
separation insulator layer, adjoins mutually, and serves as a reverse bias is further equipped with the 1st impurity range of the 
1st conductivity type impressed, respectively, and the 2nd impurity range of the 2nd conductivity type. The 3rd impurity 
range of the 2nd conductivity type by which the 1st active element adjoins the 1st impurity range, It is the diode equipped 
with the 4th impurity range of the 1st conductivity type which adjoins this 3rd impurity range, the 2nd active element It is the 
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diode equipped with the 5th impurity range of the 1st conductivity type which adjoins the 2nd impurity range, and the 6th 
impurity range of the 2nd conductivity type which adjoins this 5th impurity range. The voltage impressed to an impurity layer 
is what is characterized by being a reverse bias to a semiconductor substrate. Pressure-proofing can be made high, while 
suppressing generating of the leakage current in this portion, even if the potential difference occurs between the impurity 
ranges of the reverse conductivity type of the diode which adjoins through a separation insulator layer, since the 1st, the 2nd 
impurity range, and an impurity layer are formed and potential is fixed. 

[0014] Furthermore, since it is characterized by for an impurity layer to extend under an active region, and it is incorporated 
by the impurity layer and a voltage clamp is carried out to it even if the impurity poured in on the occasion of source drain 
field formation runs through an embedded oxide film and reaches even a semiconductor substrate by the impurity layer 
formed in a semiconductor substrate front face, there is no possibility may become the cause of a circuit malfunction, and the 
effect that the reliability of a semiconductor device improves does so. 

[0015] It is what is characterized by having further functional block with which the 1st active element and the 2nd active 
element were formed, and different functional block, in addition, in functional block The 1st and 2nd active elements 
separated by partialness STI are formed in a portion with the need of fixing the potential of a channel formation field in 
common, according to the function needed, and the conductivity type and the voltage to impress of the impurity layer doubled 
with it can be determined as it. 

[0016] Moreover, the process which forms an impurity layer in the semiconductor substrate front face of the SOI substrate 
which, has the semiconductor layer formed through the embedded oxide film on the semiconductor substrate front face, The 
process which forms the separation insulator layer by which the 1st and 2nd active regions arranged in the main front face of a 
semiconductor layer are surrounded, and a part of semiconductor layer remains in the bottom of it, It can have the process 
which forms the 1st active element in the 1st active region, the process which forms the 2nd active element in the 2nd active 
region, and the process which forms wiring linked to an impurity layer, and the semiconductor device which can fix the 
potential of an impurity layer through wiring can be manufactured. Furthermore, since it incorporates in an impurity layer 
even if the impurity by which the ion implantation was carried out runs through an embedded oxide film and reaches even a 
semiconductor substrate in case it is impurity-range formation since an impurity layer can be formed even not only in an 
isolation region but in the bottom of an active region, there is no possibility of becoming the cause of a circuit malfunction, 
and the manufacture method of a semiconductor device which improved can be acquired. 

[0017] Furthermore, the 1st active element and 2nd active element Are the MOS transistor which has the same conductivity 
type, and the process which forms a separation insulator layer The process which forms a wrap mask for the active-region 
front-face top of a semiconductor layer, and forms the slot which leaves a pars basilaris ossis occipitalis, ********** s from a 
half-conductor-layer main front face, and encloses an active region, The process which forms an insulator layer in the whole 
surface, and the process which removes the insulator layer on a mask front face, It is what is characterized by having had the 
process which removes a mask and having further the process which carries out the ion implantation of the high-concentration 
impurity by the same conductivity type as a semiconductor layer into Mizoshita's semiconductor layer in front of the process 
which forms an insulator layer after the process which forms a slot. Since the ion implantation of the high-concentration 
impurity is carried out to the semiconductor layer under a separation insulator layer rather than a semiconductor layer and the 
channel cut layer is formed, the semiconductor device whose separation property improved further can be obtained. 
[0018] Moreover, the 1st active element is the MOS transistor which has the 1st conductivity type. The process which forms 
the 1st mask which has opening on the separation insulator layer of the 1st active element before the process which forms the 
1st active element after the process which the 2nd active element is a MOS transistor which has the 2nd conductivity type, and 
forms a separation insulator layer, The process which carries out the ion implantation of the impurity which has the 2nd 
conductivity type on the whole surface to the whole surface, and forms the 1st impurity range in the semiconductor layer 
under the separation insulator layer of the 1st active element, The process which removes the 1st mask, and the process which 
forms the 1st mask which has opening on the separation insulator layer of the 1st active element, The process which carries 
out the ion implantation of the impurity which has the 2nd conductivity type on the whole surface to the whole surface, forms 
the 1st impurity range in the semiconductor layer under the separation insulator layer of the 1st active element, and removes 
the 1st mask, The process which forms the 2nd mask which has opening on the separation insulator layer of the 2nd active 
element, It is what carries out the ion implantation of the impurity which has the 1st conductivity type on the whole surface to 
the whole surface, and is characterized by having the process which forms the 2nd impurity range in the semiconductor layer 
under the separation insulator layer of the 2nd active element, and removes the 2nd mask. One side of the source drain field of 
a pMOS transistor and a nMOS transistor, and the 1st formed in the bottom of a separation insulator layer and the 
semiconductor device arranged so that the 2nd impurity range might serve as pnpn can be obtained. 

[0019] Moreover, form a wrap mask for a 1st [ which was arranged in the main front face of the semiconductor layer formed 
through the embedded oxide film on the semiconductor substrate front face ], and 2nd active-region front-faces top, and from 
a half-conductor-layer main front face, leave a pars basilaris ossis occipitalis and it ********** s . The ion implantation of the 
impurity is carried out into the process which forms the slot which encloses the 1st and 2nd active regions, and Mizoshita's 
semiconductor substrate. The process which forms an impurity layer in the front face of a semiconductor substrate, and the 
process which forms an insulator layer in the whole surface, The process which removes the insulator layer on a mask front 
face, and the process which removes a mask, It can have the process which forms the 1st active element in the 1st active 
region, the process which forms the 2nd active element in the 2nd active region, and the process which forms wiring linked to 
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an impurity layer, and the semiconductor device which can fix the potential of an impurity layer through wiring can be 
manufactured. 

[0020] Furthermore, the 1st active element and 2nd active element After the process which is the MOS transistor which has 
the same conductivity type, and forms a slot, It is what is characterized by having further the process which carries out the ion 
implantation of the high-concentration impurity by the same conductivity type as a semiconductor layer into Mizoshita's 
semiconductor layer in front of the process which forms an insulator layer. Since the ion implantation of the 
high-concentration impurity is carried out to the semiconductor layer under a separation insulator layer rather than a 
semiconductor layer and the channel cut layer is formed, the semiconductor device whose separation property improved 
further can be obtained. 
[0021] 

[Embodiments of the Invention] Gestalt 1 . drawing 1 of operation is the cross section of the semiconductor device concerning 
the gestalt 1 of implementation of this invention, and is set to drawing 1 . In 1, a p type semiconductor substrate and 2 a 
semiconductor layer and 4 for an embedded oxide film and 3 A separation insulator layer, 5 a gate electrode, and 7JL^71 and 
81 for a gate insulator layer and 6 A source drain field, 9 aTfd 91 achannelformation field andll for wiring and 10 A channel 
cut layer, As for a sidewall, and 14 and 141, for 12, a layer insulation film, and 15 and 151 are [ an impurity layer and 13 ] 
contact holes, and the source drain fields ], 8. 71. and8 1 and the channel cut layer 1 1 inject an impurity into the 
semiconductor layer 3, and are formed. The semiconductor substrate 1, the embedded oxide film 2, and the semiconductor 
layer 3 constitute the so-called SOI substrate, and which methods, such as a lamination method and the SIMOX method, are 
sufficient as the formation method. 

[0022] When the thickness of the semiconductor layer 3 is [ the thickness of about 30-20 0nm a nd the embedded oxide film 2 ] 
about 0.04-0.4 micrometers, The channelxut layer 1 1 p type impurities, such as boron, about three 1x1017 to lxl018-/cm, As 
for the impurity layer 12, about three 1x1017 to 1x1 01 97cm and the channel formation field" 10 contain [ the impurity of p 
types, such as boron, ] about three 1x1017 to 1x101 8-/cm for p type impurities,luch as boron, respectively. Although 
concentration of the channel cut layer 1 1 may be made the same"as the channel formation field 10, a separation property 
improves, so that concentration is high. Moreover, includrngwhich arsen-icji type impurity about three 1x1019 to 
1x1021 -/cm, the source drain fields 71 and 81 are prolonged to the embedded oxidejilm 2, including n type impurities, such 
as Lynn and an arsenic, about three 1x1017 to lxl020-/cm, and the source drainjleJds 7 and 8 have CDD (Lightly Doped 
Drain) structure. Although the gate electrode 6~jyibrmed~w44hxn atest polysilicon wh ich contained n type impurities, such as 
Lynn, about three two to 15xl020-/cm, the lamiriated-structureofthe contest the polysilicon and metal silicide layers, such as 
WSix, which contained the impurity beside^this, or metals, such as W, Mo, Cu, and aluminum, are sufficient as it. Moreover, 
cobalt silicide may be formed in the front face of the gate electrode 6 and the source drain fields 7 and 8 (not shown). 
[0023] The active region in which one or more transistors were formed is enclosed by the fractional separation field which 
consists of separation insulator layers 4 formed in the semiconductor layer 3, such as the channel cut layer 1 1 and a silicon 
oxide, it dissociates mutually, and separation width of face is 200nm - about 500nm. Moreover, the thickness of the separation 
insulator layer 4 is set up so that the thickness of the channel cut layer 1 1 under it may be set to about 10-100nm. And 
although it is desirable on micro processing that it is the same as that of the front face of the semiconductor layer 3 as for the 
upper surface of the separation insulator layer 4, if it is fully going to leave the thickness of the channel cut layer 1 1 when the 
semiconductor layer 3 is thin, since it will become difficult to take thickness required for isolation, the direction of an 
isolation performance which formed the upper surface of the separation insulator layer 4 more highly than semiconductor 
layer 3 front face improves. Moreover, between the semiconductor layer 3 and the separation insulator layer 4, the about 
5-30nm silicon oxide is formed if needed (not shown). Here, although the silicon oxide is used for the isolation region, other 
insulator layers, such as a silicon nitride, a silicon oxidization nitride, and a silicon oxidization fluoridation film (SiOF), are 
sufficient. As a gate insulator layer 5, there are Si02, SiON, and Si02/Si3N4/Si02 (ONO) structure, Ta 205, aluminum20 3, 
etc. 

[0024] Moreover, drawing 2 is the plan of the semiconductor device concerning the gestalt 1 of implementation of this 
invention, and drawing 1 is a cross section in the A-A cross section shown in drawing 2 . As for 92 or 94, in drawing 2 , 
wiring and 1 1 1 are impurity ranges. It connected with the gate electrode 6 electrically, and wiring 92 gave the gate voltage 
and has connected wiring 93 to an impurity range 1 1 1 electrically. Drawing 3 is the cross section of the semiconductor device 
concerning the gestalt 1 of implementation of this invention, and is a cross section in the B-B cross sectionjshown in drawing 
2 . In drawing, 152 is a contact hole. With reference to drawing, voltage is impressed to an impurity rangejji through wiring 
93, and the potential of the channel formation fi eld 10 conn ected through the channel cut layer U is fixed t o it. The impurity 
range 1 1 1 contains the impurity of the same conductivity type as the channel formation field 10, and although it may be of the 
same grade as a channel formation field about the high impurity concentration, further high concentration can hold down to 
low resistance. 

[0025] Moreover, drawing 4 is the cross section of the semiconductor device concerning the gestalt 1 of implementation of 
this invention, and is a cross section in the C-C cross section shown in drawing 2 . In drawing, 95 is wiring and 153 and 154 
are contact holes. With reference to drawing, wiring 94 embeds the inside of the contact hole 1 53 formed in the layer 
insulation films 14 and 141, is formed, connects to the impurity layer 12 the inside of the semiconductor layer 3 and the 
contact hole 1 54 formed in the embedded oxide film 2 through the wiring 95 embedded and formed, and is fixing the potential 
of the impurity layer 12. Since the impurity layer 12 and the channel formation field 10 are controlled by each, the separation 
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insulator layer 4 which encloses the circumference of the semiconductor layer 3 in which the contact hole 154 for this wiring 
95 being formed is formed is Full STI altogether, and the semiconductor layer 3 in which the element was formed is separated 
completely. 

[0026] Drawing 5 is a graph which shows a concentration distribution of the impurity contained in the semiconductor device 
concerning the gestalt 1 of implementation of this invention, and shows the concentration distribution of the impurity 
contained in the semiconductor layer 3, the embedded oxide film 2, and the semiconductor substrate 1 in the D-D cross 
section shown in drawing 1 . In order to carry out the segregation of the boron poured in in order to form the impurity layer 
12 to a front face with heat treatment of various processes, it has the distribution as shown in drawing. 
[0027] Next, operation is explained. In the case of a nMOS transistor, with reference to drawing 1 , the voltage impressed to 
each electrode It is VG=0-1.8V, VD=0-1.8V, VS=0V s and about VB=0--1V. A channel is formed in channel formation field 
10 front face under the gate electrode 5, either the source drain fields 7 and 71 or the source drain fields 8 and 8 1 turn into a 
source field, another side turns into a drain field, and it operates as a circuit. At this time, IV or - IV are impressed to OV and 
the impurity layer 12 in the channel formation field 10, respectively. Such voltage is examples and is changed by gate 
insulation thickness or gate length. Moreover, if the absolute value of the voltage which will be impressed to the impurity 
layer 12 if the thickness of the embedded oxide film 2 becomes thick becomes large and the thickness of the embedded oxide 
film 2 becomes thin, the absolute value of the voltage impressed to the impurity layer 12 will become small. 
[0028] Drawing 6 is a graph which shows the leakage current of the semiconductor device concerning the gestalt 1 of 
implementation of this invention, in the semiconductor device shown in drawing 1 , sets width of face of 40nm and the 
separation insulator layer 4 to 0.2 micrometers for the thickness of 0. 1 5 micrometers and the embedded oxide film 2, and 
carries out the simulation of the thickness of the semiconductor layer 3. In this graph, the leakage current which generated the 
source drain fields 7 and 71 of the transistor which adjoins through the separation insulator layer 4, and the potential 
difference generated between 8 and 81 in a horizontal axis and during this period is taken along a vertical axis. Among 
drawing, when, as for O, the impurity layer 12 is not formed and ** impresses -IV to the impurity layer 12, ** expresses with 
the impurity layer 12 the case where IV are impressed, respectively. This drawing shows that a leakage current decreases and 
pressure-proofing is also improving by forming the impurity layer 12. 

[0029] In the gestalt of this operation, although drawing where the impurity layer 12 was formed in the whole surface 
explained, if the impurity layer 12 is formed only in the lower part of the portion for which partialness STI is used as 
isolation, it can raise a separation property. Moreover, although an example of the portion which a nMOS transistor adjoins 
was explained, also by the portion which a pMOS transistor adjoins, it is the same and all can be applied to the portion to 
which the potential difference is born by circuit arrangement here in the portion which the source drain fields 7 and 71 of the 
same conductivity type, and 8 and 81 adjoin through partialness STI. In the case of a pMOS transistor, although the voltage 
which the conductivity type of each impurity range except the semiconductor substrate 1 becomes reverse, and impresses also 
becomes **1 V at 1.8V and the impurity layer 12 VG=0-1.8V, VD=0-1.8V, VS=1.8V, about VB=1.8V, and in the channel 
formation field 10, respectively, also in an n type case, it is about the impurity contained in contest polysilicon of the gate 
electrode 6. Furthermore, in the gestalt of this operation, although explained using the semiconductor device with which the 
number of layers of the layer insulation film formed between transistors differs from arrangement etc., and one transistor was 
formed in one active region of the composition of a circuit although an example about wiring 9 and arrangement of 91-94 was 
shown, it is not restricted to especially this. 

[0030] According to this semiconductor device, two or more transistors which are formed on an embedded oxide film and 
have the same conductivity type on the semiconductor substrate front face under the separation insulator layer 4 of the 
partialness STI structure separated mutually Since the voltage clamp of a transistor and the impurity layer of a reverse 
conductivity type is formed and carried out, Even if the potential difference occurs between the source drain fields of the 
transistor which adjoins through a separation insulator layer, while being able to suppress generating of the leakage current in 
this portion, pressure-proofing can be made high, and even if it turns minutely, the semiconductor device whose separation 
property improved can be obtained. Moreover, since it is incorporated by the impurity layer 12 and potential is being fixed 
even if the impurity poured in on the occasion of source drain field formation runs through an embedded oxide film 2 and 
reaches even a semiconductor substrate 1 when an impurity layer 12 is prolonged and formed 'not only in the bottom of a 
separation insulator layer but in the bottom of a source drain field 71 and 81, there is no possibility of may become the cause 
of a circuit malfunction, and the effect that the reliability of a semiconductor device improves does so. 
[003 1 ] Moreover, since high sensitivity is required, the transistor used as a sense amplifier (cross-linking type amplifier) etc. 
can arrange mutual threshold voltage with a sufficient precision by making the channel formation field of the adjoining 
transistor into floating, and sharing it. In such a case, in order to make it not influenced of other transistors, only separation 
between transistors to share is set to partialness STI, and separation with other portions is taken as Full STI. Therefore, the 
cross section of the portion which makes a channel formation field floating is the same as that of what was shown in drawing 
i ■ Drawing 7 is a graph which shows the leakage current of the semiconductor device concerning the gestalt 1 of 
implementation of this invention, in the semiconductor device shown in drawing 1 , sets width of face of 40nm and the 
separation insulator layer 4 to 0.2 micrometers for the thickness of 0. 1 5 micrometers and the embedded oxide film 2, and 
carries out the simulation of the thickness of the semiconductor layer 3, and voltage is not impressed to the channel formation 
field 10, namely, the body is in the state of floating. In this graph, the leakage current which generated the source drain fields 
7 and 71 of the transistor which adjoins through the separation insulator layer 4, and the potential difference generated 



5 of 13 



4/18/03 8:56 PM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



between 8 and 81 in a horizontal axis and during this period is taken along a vertical axis. Among drawing, when, as for O, 
the 'impurity layer 12 is not formed, ** expresses with the impurity layer 12 the case where IV are impressed, respectively. By 
forming the impurity layer 12 and impressing IV from this drawing, shows that pressure-proofing is improving. Although the 
sense amplifier is raised as an example which makes a channel formation field floating here, even if it is the transistor used as 
a sense amplifier, it cannot be overemphasized that the potential of a channel formation field may be fixed. 
[0032] Here, although an example of the portion which a nMOS transistor adjoins was explained, also by the portion which a 
pMOS transistor adjoins, it is the same and all can be applied to the portion to which the potential difference is born by circuit 
arrangement in the portion which the source drain fields 7 and 71 of the same conductivity type, and 8 and 81 adjoin through 
partialness STI. In the case of a pMOS transistor, the conductivity type of each impurity range becomes reverse, the voltage to 
impress also becomes VG=0-1.8V, VD=0-1.8V, VS=1.8V, about VB=1.8V, and the impurity layer 12 with -IV, respectively, 
and it does not need to be formed by wiring 93 and the impurity range 111, either. 

[0033] In the semiconductor device with which voltage is impressed as described above By being formed on an embedded 
oxide film, making into floating the channel formation field of the transistor which adjoins through the separation insulator 
layer of partialness STI structure which separates two or more transistors of each other which have the same conductivity 
type, and sharing it Since the voltage clamp of a transistor and the impurity layer of a reverse conductivity type is formed and 
carried out to the semiconductor substrate front face under a separation insulator layer while being able to arrange mutual 
threshold voltage with a sufficient precision, Even if the potential difference occurs between the source drain fields of the 
transistor which adjoins through a separation insulator layer, while being able to suppress generating of the leakage current in 
this portion, pressure-proofing can be made high, and even if it turns minutely, the semiconductor device whose separation 
property improved can be obtained. 

[0034] Next, the manufacture method of the semiconductor device concerning the gestalt I of implementation of this 
invention is explained. Drawing 8 - drawing 13 are the cross sections showing one process of the manufacture method of a 
semiconductor device which shows the gestalt 1 of operation. In nMOS, the impurity of p types, such as boron, and in pMOS, 
with reference to drawing, the ion implantation of the impurity of n types, such as Lynn, is carried out from on the front face 
of the SOI substrate equipped with the embedded oxide film 2 and the semiconductor layer 3 on the front face of the 
semiconductor substrate 1, and the impurity layer 12 is formed in the portion to which the semiconductor substrate 1 touches 
the embedded oxide film 2. Drawing 8 is the cross section showing the semiconductor device of the stage which this process 
finished. The pouring conditions at this time change with thickness of the embedded oxide film 2, and p type impurities, such 
as boron, are 500-600keV and about two 1x1013 to lxl014-/cm, when embedded oxidization thickness is about 0.04 
micrometers and 200-300keV, about two 1x1013 to lxl014-/cm, and embedded oxidization thickness are about 0.4 
micrometers. Moreover, the pouring conditions of n type impurities, such as Lynn, are 500-600keV and about two 1x1013 to 
lxl014-/cm, when embedded oxidization thickness is about 0.04 micrometers and 200-300keV, about two 1x1012 to 
lxl014-/cm, and embedded oxidization thickness are about 0.4 micrometers. Not only ion-implantation but the plasma doping 
method, the cluster ion beam method, etc. may be used for formation of the impurity layer 12. 

[0035] As for a silicon oxide and 32, in drawing 9 , 31 is [ a silicon nitride and 41 ] slots. With reference to drawing, the 
silicon oxide 3 1 which has about 5-30nm thickness, and the silicon nitride 32 which has about I00-300nm thickness are 
formed on the front face of the semiconductor layer 3, and anisotropic etching removes alternatively the silicon nitride 32 and 
silicon oxide 31 on an isolation region using a photoresist mask (not shown). And after removing a photoresist mask, 
anisotropic etching of the semiconductor substrate 1 is carried out by using the silicon nitride 32 as a mask, and the slot 41 
with a depth of about 1 00-500nm is formed in the front face of the semiconductor substrate 1 . The width of face of this slot is 
about 100-500nm. Then, in p type impurities, such as boron, and pMOS, in nMOS, the ion implantation of Lynn or which 
arsenic n type impurity is carried out to the whole surface in 10-20KeV and about two 5x1012 to lxl013-/cm, and it forms 
the channel cut layer 1 1 . Drawing 9 is the cross section showing the element of the semiconductor device in the stage which 
this process finished. 

[0036] What is necessary is just to carry out in the stage where the slot 41 was formed, like formation of the channel cut layer 
1 1, when forming the impurity layer 12 only in an isolation region. The pouring conditions at this time change with thickness 
of the embedded oxide film 2, and p type impurities, such as boron, are 450-550keV and about two 1x1013 to lxl014-/cm, 
when embedded oxidization thickness is about 0.04 micrometers and 150-200keV, about two 1x1013 to lxl014-/cm, and 
embedded oxidization thickness are about 0.4 micrometers. Moreover, the pouring conditions of n type impurities, such as 
Lynn, are 450-550keV and about two 1x1013 to lxl014-/cm, when embedded oxidization thickness is about 0.04 
micrometers and 150-250keV, about two 1x1012 to lxl014-/cm, and embedded oxidization thickness are about 0.4 
micrometers, 

[0037] Next, after forming a silicon oxide in the whole surface by 300nm - about 800nm thickness by reduced pressure CVD 
(not shown), by the CMP (Chemical Mechanical Polishing) method which used the silicon nitride 32 as the stopper, the 
silicon oxide on silicon nitride 32 front face is removed, and it leaves a silicon oxide only to the interior of opening which 
consists of a slot 2 and a silicon nitride 32. Then, after removing the silicon nitride 32 by the wet etching by the heat 
phosphoric acid, a silicon oxide 3 1 is removed and the separation insulator layer 4 is formed. Drawing 10 is a cross section in 
the stage which this process finished. About the channel cut layer 1 1 or the impurity layer 12, in this stage, an ion 
implantation may be carried out and you may form. Drawing 1 1 is a graph which shows a concentration distribution of the 
impurity contained in the element of the semiconductor device in this stage, and shows the impurity atom concentration 
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profile in the E-E cross section shown in drawing 10 . When the separation insulator layer 4 is formed by the silicon oxide by 
performing a biscuit ware process at about 800-1 100 degrees C, while being able to make membraneous quality precise, in 
this stage, the high impurity concentration of impurity layer 12 front face can go up, and resistance can be lowered in it. 
Drawing 12 is a graph which shows a concentration distribution of the impurity contained in the element of the semiconductor 
device in this stage, and shows the impurity atom concentration profile in the E-E cross section shown in drawing 10 . And 
after forming the silicon oxide by thermal oxidation in the whole surface (not shown), in nMOS, in boron, fluoridation boron, 
and pMOS, the ion implantation of Lynn or which arsenic impurity is carried out to the whole surface in 10-20KeV and about 
two 1x1012 to 5xl012-/cm, and it introduces the impurity which adjusts a threshold to the channel formation field 10 (not 
shown). A silicon oxide is for protecting a semiconductor substrate front face, and is removed from the damage in the case of 
an ion implantation after an ion implantation. 

[0038] Next, as a gate insulator layer 5, after forming a silicon oxide in the whole semiconductor substrate 1 front face by 
thermal oxidation by about 7-10nm thickness, and forming about 150-300nm of polysilicon contest layers used as the gate 
electrode 6 in the whole surface by CVD, the polysilicon contest layer 6 used as a gate electrode is formed by carrying out 
patterning by the anisotropic etching using the photoresist mask (not shown). And using a photoresist mask, in nMOS, in 
Lynn, an arsenic, and pMOS, the ion implantation of boron, the fluoride boron, etc. is carried out, respectively in 20-40keV 
and about two 1x1013 to 5xl014-/cm, and the source drain fields 71 and 81 are formed. Drawing 13 is the cross section 
showing the element of the semiconductor device in the stage which this process finished. 

[0039] Next, after depositing a silicon oxide on the whole surface in about 30-100nm thickness by CVD and forming a 
sidewall 13 by carrying out etchback, in nMOS, in pMOS, an arsenic etc. carries out the ion implantation of boron, the 
fluoridation boron, etc. in 10KeV(s) and about two one to 5x101 5 -/cm, and the source drain fields 7 and 8 are formed for it 
Since a source drain field is made into LDD structure if needed, it may not form the source drain fields 7 and 8 by the case. 
The poured-in impurity is activated by annealing about 10 to 30 minutes at about 800-900 degrees C. Moreover, the rate of 
activation can be gathered, suppressing diffusion of an impurity, if 1050 degrees C and RTA (Rapid Thermal Anneal) 
processing for about 5-10 seconds are performed. After forming a silicon oxide by RTO (Rapid Thermal Oxidation) in that 
case, by CVD, the cascade screen of a silicon oxide and a silicon nitride is sufficient, it deposits, and etchback of the silicon 
nitride is carried out and a sidewall 13 forms it. When forming a metal silicide layer in the gate electrode 6, or the source 
drain field 7 and eight front faces, if it is this stage, and cobalt is deposited on the whole surface and RTA processing is 
carried out, it will react in the portion which silicon exposed and a metal silicide layer will be formed. Then, the cobalt which 
remained while it had been unreacted is removed (not shown). 

[0040] And after depositing 200nm - about 600nm of silicon oxides used as the layer insulation film 14 by reduced pressure 
CVD, opening of the contact hole 15 which arrives at the source drain fields 7 and 71 is carried out with the diameter of 0.1 
micrometers - 0.5 micrometer by the dry etching method, after embedding a wiring material by CVD to the interior, patterning 
is carried out, and wiring 9 is formed. Similarly, the layer insulation film 141 is formed and the contact hole 151 and wiring 
91 which arrive at the source drain fields 8 and 81 are formed. Thus, the semiconductor device shown in drawing 1 is formed. 
[004 1 ] Although not illustrated here, the contact hole 1 52 and wiring 93 which were shown in drawing 3 , and the contact 
hole 153 and wiring 94 which were shown in drawing 4 are also formed similarly. Moreover, about formation sequence, 
although the contact hole 1 54 and wiring 95 which were shown in drawing 4 are also formed similarly, after forming the gate 
electrode 6 after forming simultaneously [ after forming the layer insulation films 14 and 141 ] with a contact hole 153 and 
wiring 94 and forming the separation insulator layer 4, forming in various stages is possible. Furthermore, formation of each 
contact hole and wiring may be performed at another process if needed, and the formation sequence can also be changed if 
needed. Furthermore, a different layer insulation film and different wiring are formed in the upper layer, and may turn into a 
multilayer interconnection. Although there is a polysilicon contest metallurgy group into which the impurity was introduced as 
a wiring material, when a metal is used, it prevents that form barrier metal, such as TiN, in the wall of each contact hole, and a 
metal is spread to the semiconductor layer 3. 

[0042] Since the impurity layer 12 can be formed in semiconductor substrate 1 front face of the semiconductor device of the 
SOI structure which consists of the semiconductor substrate 1, an embedded oxide film 2, and a semiconductor layer 3 
according to the manufacture method of the semiconductor device shown in the gestalt 1 of this operation, Even if the 
potential difference occurs between the source drain fields of the transistor which has the same conductivity type formed in 
semiconductor layer 3 front face through the separation insulator layer of partialness STI structure by fixing the potential of 
this impurity layer 12 While being able to suppress generating of the leakage current in this portion, pressure-proofing can be 
made high, and even if it turns minutely, the manufacture method of the semiconductor device whose separation property 
improved can be acquired. Moreover, even if the impurity by which the ion implantation was carried out runs through the 
embedded oxide film 2 and reaches even the semiconductor substrate 1 in case it is source drain field formation since the 
impurity layer 12 can be formed even not only in an isolation region but in the bottom of an active region, it incorporates in 
the impurity layer 12, there is no possibility of becoming the cause of a circuit malfunction, and the manufacture method of a 
semiconductor device which improved can be acquired. 

[0043] Gestalt 2. drawing 14 of operation is the cross section of the semiconductor device concerning the gestalt 2 of 
implementation of this invention, and is a cross section in the A-A cross section shown in drawing 2 . In drawing, 121 is an 
impurity layer. With reference to drawing, the source drain fields 71 and 81 do not reach the embedded oxide film 2, but the 
impurity layer 12 1 is formed with the impurity of the same conductivity type as a source drain field. That is, when the nMOS 
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transistor is adjoined and formed in semiconductor layer 3 front face, and, as for the impurity layer 121, a pMOS transistor 
adjoins, including the impurity of n types, such as Lynn, about two 1x1017 to lxl020-/cm and it is formed, the impurity layer 
121 contains the impurity of p types, such as boron, about three 1x1017 to lxl020-/cm. About thickness other than this, and 
high impurity concentration and an impurity kind, it is the same as that of the semiconductor device shown in the gestalt 1 of 
operation. In the gestalt of this operation, since the area for a joint of the source drain fields 71 and 81 and the channel 
formation field 10 increases as compared with the gestalt 1 of operation, although a junction capacitance will increase, since 
the area of the plane of composition of the channel formation field 10 and the channel cut layer 1 1 increases, the voltage 
clamp of the channel formation field 10 has the advantage of becoming more certain. 

[0044] Next, operation is explained. The voltage which is impressed to each electrode with reference to drawing 14 in the 
case of a nMOS transistor is VG=0-1.8V, VD=0-1.8V, and about VS=0V, a channel is formed in channel formation field 10 
front face under the gate electrode 5, either the source drain fields 7 and 71 or the source drain fields 8 and 81 turn into a 
source field, another side turns into a drain field, and it operates as a circuit. The reverse biases of the voltage VB which 0V 
are impressed to the channel formation field 10, and is impressed to the semiconductor substrate 1 at this time should just be 
these conditions between the impurity layer 121 and the semiconductor substrate 1. Such voltage is examples and is changed 
by gate insulation thickness or gate length. 

[0045] Drawing 15 is a graph which shows the leakage current of the semiconductor device concerning the gestalt 2 of 
implementation of this invention, in the semiconductor device shown in drawing 14 , sets width of face of 40nm and the 
separation insulator layer 4 to 0.2 micrometers for the thickness of 0.15 micrometers and the embedded oxide film 2, and 
carries out the simulation of the thickness of the semiconductor layer 3. In this graph, the leakage current which generated the 
source drain fields 7 and 71 of the transistor which adjoins through the separation insulator layer 4, and the potential 

difference generated between 8 and 81 in a horizontal axis and during this period is taken along a vertical axis. Among 
drawing, when, as for O, the impurity layer 121 is not formed and ** impresses - IV to the impurity layer 121, ** expresses 
with the impurity layer 121 the case where IV are impressed, respectively. From this drawing, by forming the impurity layer 

121 shows that the leakage current is decreasing remarkably. 

[0046] In the gestalt of this operation, although drawing where the impurity layer 121 was formed in the whole surface 
explained, if the impurity layer 121 is formed only in the lower part of the portion for which partialness STI is used as 
isolation, it can raise a separation property. Furthermore, arrangement of wiring, the number of layers of the layer insulation 
film formed between transistors, the number of the transistor formed in one active region, etc. are examples, and are not 
restricted to this. 

[0047] Moreover, drawing 16 is a graph which shows the leakage current of the semiconductor device concerning the gestalt 
2 of implementation of this invention, and shows the leakage current in the portion which a pMOS transistor adjoins. Also in 
pMOS, it is the same as that of the case of nMOS, and all can be applied to the portion to which the potential difference is 
born by the portion which the p type source drain fields 7 and 71, and 8 and 81 adjoin through partialness STI by circuit 
arrangement. Although the voltage which it becomes the case where the conductivity type of each impurity range except the 
semiconductor substrate 1 is nMOS, and reverse in the case of a pMOS transistor, and is impressed also becomes about 1.8V 
in VG=0-1.8V, VD=0-1.8V, VS=1.8V, and the channel formation field 10, respectively, also in an n type case, it is about the 
impurity contained in contest polysilicon of the gate electrode 6. Here, in the semiconductor device shown in drawing 14 , the 
simulation of the thickness of the semiconductor layer 3 is carried out, using width of face of 40nm and the separation 
insulator layer 4 as 0.2 micrometers for the thickness of 0.15 micrometers and the embedded oxide film 2. In this graph, the 
leakage current which generated the source drain fields 7 and 71 of the transistor which adjoins through the separation 
insulator layer 4, and the potential difference generated between 8 and 81 in a horizontal axis and during this period is taken 
along a vertical axis. Among drawing, when, as for O, the impurity layer 121 is not formed and ** impresses 0.3V to the 
impurity layer 121, ** expresses with the impurity layer 121 the case where -0.3V are impressed, respectively. This drawing 
shows that a leakage current decreases remarkably and pressure-proofing's is improving by forming the impurity layer 121 . 
[0048] In the structure where the source drain field of two or more transistors which according to the semiconductor device 
concerning the gestalt 2 of this operation are formed on an embedded oxide film and have the same conductivity type has not 
reached to an embedded oxide film Since the voltage clamp of the impurity layer of the same conductivity type as a transistor 
is formed and carried out to the semiconductor substrate front face under the separation insulator layer of the partialness STI 
structure of separating the transistor of each other, Even if the potential difference occurs between the source drain fields of 
the transistor which adjoins through a separation insulator layer, while being able to suppress generating of the leakage 
current in this portion, pressure-proofing can be made high, and even if it turns minutely, the semiconductor device whose 
separation property improved can be obtained. Since the electric field between the source drain fields 71 and 81 and the 
semiconductor layer 3 under it are eased by furthermore impressing voltage to the impurity layer 121, the leakage current by 
BTBT (Band to Band Tunneling), the trap reed SUTEDDODONNE ring (Trap Assisted Tunneling:TAT), SRH 
(Shockley-Read-Hall) process, impact ionization, etc. can decrease, and power consumption can be reduced. Moreover, since 
it will be incorporated by the impurity layer 121 even if the impurity poured in on the occasion of source drain field formation 
runs through an embedded oxide film 2 and reaches even a semiconductor substrate 1 when an impurity layer 121 is 
prolonged and formed not only in the bottom of a separation insulator layer but in the bottom of the source drain field 7 1 and 
81, there is no possibility may become the cause of a circuit malfunction, and the effect that the reliability of a semiconductor 
device improves does so. 
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[0049] Moreover, in the case of the transistor used as a sense amplifier (cross-linking type amplifier) etc., like the gestalt 1 of 
operation, the channel formation field of the adjoining transistor may be made into floating, and may be shared. Drawing 1 7 is 
a graph which shows the leakage current of the semiconductor device concerning the gestalt 2 of implementation of this 
invention, when the nMOS transistor adjoins in the semiconductor device shown in drawing 14 , in the thickness of 0. 1 5 
micrometers and the embedded oxide film 2, it carries out a simulation, using thickness of the semiconductor layer 3 as 0.2 
micrometers, and voltage is not impressed [ thickness / width of face / of 40nm and the separation insulator layer 4 ] to the 
channel formation field 10. In this graph, the leakage current which generated the source drain fields 7 and 71 of the transistor 
which adjoins through the separation insulator layer 4, and the potential difference generated between 8 and 81 in a horizontal 
axis and during this period is taken along a vertical axis. Among drawing, when, as for O, the impurity layer 121 is not formed 
and ** impresses IV to the impurity layer 121, ** expresses with the impurity layer 121 the case where - IV are impressed, 
respectively. By impressing the voltage which forms the impurity layer 121 and becomes a semiconductor substrate and a 
reverse bias from this drawing shows that a leakage current decreases remarkably and pressure-proofing's is improving. 
[0050] As described above, with the structure where the source drain field of the transistor which adjoins through the 
separation insulator layer of partialness STI structure which separates two or more transistors of each other which are formed 
on an embedded oxide film and have the same conductivity type has not reached to an embedded oxide film While being able 
to arrange mutual threshold voltage with a sufficient precision by making a channel formation field into floating and sharing it 
Since the voltage clamp of the impurity layer of the same conductivity type as a transistor is formed and carried out to the 
semiconductor substrate front face under a separation insulator layer, Even if the potential difference occurs between the 
source drain fields of the transistor which adjoins through a separation insulator layer, while being able to suppress generating 
of the leakage current in this portion, pressure-proofing can be made high, and even if it turns minutely, the semiconductor 
device whose separation property improved can be obtained. 

[005 1 ] Next, the manufacture method of the semiconductor device concerning the gestalt 2 of implementation of this 
invention is explained. Drawing 1 8 is the cross section showing one process of the manufacture method of the semiconductor 
device concerning the gestalt 2 of implementation of this invention. First, when forming nMOS and forming the impurity of n 
types, such as Lynn, and pMOS from on the front face of the SOI substrate equipped with the embedded oxide film 2 and the 
semiconductor layer 3 on the front face of the semiconductor substrate 1, the impurity of p types, such as boron, is poured in, 
and the impurity layer 121 is formed in the portion to which the semiconductor substrate 1 touches the embedded oxide film 
2. Drawing 18 is the cross section showing the semiconductor device of the stage which this process finished. The pouring 
conditions at this time change with thickness of the embedded oxide film 2, and p type impurities, such as boron, are 
500-600keV and about two 1x1013 to 1x101 4-/cm, when embedded oxidization thickness is about 0.04 micrometers and 
200-300keV, about two 1x1013 to lxl014-/cm, and embedded oxidization thickness are about 0.4 micrometers. Moreover, 
the pouring conditions of n type impurities, such as Lynn, are 500-600keV and about two 1x1013 to lxl014-/cm, when 
embedded oxidization thickness is about 0.04 micrometers and 200-300keV, about two 1x1012 to lxl014-/cm, and 
embedded oxidization thickness are about 0.4 micrometers. 

[0052] Next, like the gestalt 1 of operation, the channel cut layer 1 1 and the separation insulator layer 4 are formed, and the 
impurity (not shown) which adjusts a threshold to the channel formation field 10 is introduced. And like the gestalt 1 of 
operation, after forming the gate insulator layer 5 and the gate electrode 6, in nMOS, in Lynn, an arsenic, and pMOS, the ion 
implantation of boron, the fluoride boron, etc. is carried out, respectively in 10-30keV and about two 1x1013 to 5xl014-/cm, 
and the source drain fields 71 and 81 are formed if needed, when forming the impurity range (a pocket layer not shown) of 
the reverse conductivity type which furthermore encloses a source drain field, in nMOS, in boron and pMOS, the ion 
implantation of the impurities, such as Lynn, is carried out here in 10KeV(s) and about two 1x1012 to lxl013-/cm (not 
shown) Then, after forming a sidewall 13, in nMOS, in pMOS, an arsenic etc. carries out the ion implantation of boron, the 
fluoridation boron, etc. in 10KeV(s) and about two one to 5xl015-/cm, and the source drain fields 7 and 8 are formed for it. 
And the layer insulation films 14 and 141, a contact hole 15 and 151-154, wiring 9, and 91-95 are formed like the gestalt 1 of 
operation. 

[0053] According to the manufacture method of the semiconductor device shown in the gestalt 2 of this operation, the 
impurity layer 121 can be formed in semiconductor substrate 1 front face of the semiconductor device of the SOI structure 
which consists of the semiconductor substrate 1, an embedded oxide film 2, and a semiconductor layer 3. Since the transistor 
which has the source drain field of the same conductivity type as the impurity layer 121 can furthermore be formed in the 
front face of the semiconductor layer 3 Even if the potential difference occurs between the source drain fields of the transistor 
which adjoins through the separation insulator layer of partialness STI structure by fixing the potential of this impurity layer 
121 While being able to suppress generating of the leakage current in this portion, pressure-proofing can be made high, and 
even if it turns minutely, the manufacture method of the semiconductor device whose separation property improved can be 
acquired. Moreover, even if the impurity by which the ion implantation was carried out runs through the embedded oxide film 
2 and reaches even the semiconductor substrate 1 in case it is source drain field formation since the impurity layer 121 can be 
formed even not only in an isolation region but in the bottom of an active region, it incorporates in the impurity layer 121, 
there is no possibility of becoming the cause of a circuit malfunction, and the manufacture method of a semiconductor device 
which improved can be acquired. 

[0054] Gestalt 3. drawing 19 of operation is the cross section of the semiconductor device in which the gestalt 3 of 
implementation of this invention is shown, and, as for a channel formation field, and 1 13 and 1 14, for 72-75, and 82-85, a 
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source drain field, and 120 and 130 are [ a channel cut layer and 122 ] impurity layers in drawing. The gestalt of this 
operation shows the case where one side of the transistor which adjoins through the separation insulator layer 4 (partialness 
STI) is nMOS, and another side is pMOS. Moreover, when embedded oxidization thickness is 0.04 micrometers - about 0.4 
micrometers, the thickness of the impurity layer 122 is the same as that of the gestalten 1 and 2 of operation, n type impurities, 
such as Lynn, are included about three 5x1017 to lxl020-/cm. As for the channel cut layer 1 13, the channel cut layer 1 14 
contains p type impurities, such as boron, about three 1x1017 to 1x101 8-/cm, including n type impurities, such as Lynn, about 
three 1x1017 to lxl020-/cm. Moreover, as for the channel formation field 120, the channel formation field 130 contains p 
type impurities, such as boron, about three 5x1017 to 1x101 8-/cm, including n type impurities, such as Lynn, about three 
5x1017 to 2xl018-/cm. The source drain field and the gate electrode are the same as that of the gestalt 1 of operation 
respectively. 

[0055] Drawing 20 is the plan of the semiconductor device in which the form 3 of implementation of this invention is shown, 
and drawing 19 is a cross section in the F-F cross section shown in drawing 20 . With reference to drawing 20 , the channel 
cut layer 1 13 is formed in the bottom of the separation insulator layer 4 of a pMOS field, and the channel cut layer 1 14 is 
formed in the bottom of the separation insulator layer 4 of a nMOS field. And the wiring 94 for fixing the potential of the 
impurity layer 122 is common to a pMOS field and a nMOS field, and should just be formed at least one. Moreover, potential 
is being fixed through wiring linked to the impurity range 1 1 1 of each conductivity type through the channel cut layers 1 13 
and 1 14, respectively like the structure of the form 1 of operation which showed the channel formation fields 120 and 130 in 
drawing 3 . 

[0056] Next, operation is explained. With reference to drawing 19 , by impressing about [ 0V ] voltage, a channel is formed 
and, in VG=1.8V, VDH.8V, VS=0V, and the channel formation field 130, the voltage impressed to each electrode operates 
by nMOS. Moreover, in pMOS, by impressing about [ 1.8V ] voltage to VG=0-1.8V, VD=0-1.8V, VS=1.8V, and the channel 
formation field 120, a channel is formed and current flows. Moreover, about 4V is impressed to 0V and the impurity layer 
122 in the channel cut layer 1 13 at 1.8V and the channel cut layer 1 14, respectively, such voltage -- the need - responding -- 
a pressure up - or the pressure may be lowered Such voltage is examples and is changed by gate insulation thickness or gate 
length. 

[0057] Drawing 21 is a graph which shows the leakage current of the semiconductor device concerning the gestalt 3 of 
implementation of this invention, in the semiconductor device shown in drawing 19 , sets width of face of 0.4 micrometers 
and the separation insulator layer 4 to 0.2 micrometers for the thickness of 0.15 micrometers and the embedded oxide film 2, 
and carries out the simulation of the thickness of the semiconductor layer 3. In this graph, the leakage current which generated 
the source drain fields 74 and 75 of the transistor which adjoins through the separation insulator layer 4, and the potential 
difference generated between 82 and 83 in a horizontal axis and during this period is taken along a vertical axis. Among 
drawing, when, as for O, the impurity layer 122 is not formed, ** expresses with the impurity layer 122 the case where 4V are 
impressed, respectively. This drawing shows that a leakage current decreases remarkably and pressure-proofing's is improving 
by forming the impurity layer 122. 

[0058] In the gestalt of this operation, although drawing where the impurity layer 122 was formed in the whole surface 
explained, if the impurity layer 122 is formed only in the lower part of the portion for which partialness STI is used as 
isolation, it can raise a separation property. Moreover, although an example of the portion which a nMOS transistor and a 
pMOS transistor adjoin was explained, the same is said of diode and all can be applied to the portion to which the potential 
difference is born by the portion which the impurity range of the reverse conductivity type of two transistors adjoins through 
the separation insulator layer of partialness STI structure by circuit arrangement here, for example. Drawing 22 is the cross 
section showing another semiconductor device concerning the gestalt 3 of implementation of this invention, and, for n type 
impurity range and 86, as for an insulator layer and 52, barrier metal, and 96 and 97 are [ 76 / p type impurity range and 5 1 ] 
wiring in drawing. When diode adjoins and is formed with reference to drawing, the channel cut layer 1 13 is adjoined, p type 
impurity range 84 is formed, the channel cut layer 1 14 is adjoined, n type impurity range 74 is formed, and it is controlled by 
the wiring 96 and 97 which each impurity range connects through the barrier metal 52. Furthermore, although the composition 
of a circuit explains wiring like the gestalt 1 of operation using the semiconductor device with which the number of layers of 
the layer insulation film formed between transistors differs from arrangement etc., and one transistor was formed in one active 
region, it is not restricted to especially this. 

[0059] According to the semiconductor device shown in the gestalt 3 of this operation, it sets in SOI structure. Two or more 
pMOS transistors and nMOS transistors are formed every through the separation insulator layer of partialness STI structure. 
When the potential of the channel formation field 10 is being fixed in common in each field, while forming a semiconductor 
substrate and the impurity layer of a reverse conductivity type in the semiconductor substrate front face under an embedded 
oxide film In the portion which a nMOS transistor and a pMOS transistor adjoin Since p type and an n type channel cut layer 
are arranged so that the relation to pnpn with the impurity range of a transistor may become, and potential is fixed under a 
separation insulator layer, Even if the potential difference occurs between the impurity ranges of the reverse conductivity type 
of the transistor which adjoins through the separation insulator layer of partialness STI structure, while suppressing generating 
of the leakage current in this portion Pressure-proofing can be made high, and even if it turns minutely, the semiconductor 
device whose separation property improved can be obtained. Furthermore, when a pMOS transistor and a nMOS transistor 
adjoin and are formed, When the impurity layer 122 is prolonged and formed not only in the bottom of a separation insulator 
layer but in the bottom of the source drain fields 73, 74, and 83 and 84 Since it will be incorporated by the impurity layer 122 
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even if the impurity poured in on the occasion of source drain field formation runs through the embedded oxide film 2 and 
reaches even the semiconductor substrate 1, there is no possibility of becoming the cause of a circuit malfunction, and the 
effect that the reliability of a semiconductor device improves is done so. 

[0060] Next, the manufacture method of the semiconductor device concerning the gestalt 3 of implementation of this 
invention is explained. Drawing 23 and drawing 24 are the cross sections showing one process of the manufacture method of 
a semiconductor device which shows the gestalt 3 of operation, and 301 is a photoresist mask in drawing 23 . First, the ion 
implantation of the impurity of n types, such as Lynn, is carried out like the gestalt 1 of operation from on the front face of the 
SOI substrate equipped with the embedded oxide film 2 and the semiconductor layer 3 on the front face of the semiconductor 
substrate 1, and the impurity layer 122 is formed in the portion to which the semiconductor substrate 1 touches the embedded 
oxide film 2. Next, like the gestalt 1 of operation, after forming the separation insulator layer 4 in an isolation region, on the 
separation insulator layer of a pMOS field, the photoresist mask 301 which has opening is formed, the ion implantation of the 
n type impurities, such as Lynn, is carried out to the whole surface in 1 10-130KeV and about two 1x1013 to 5x101 3-/cm, and 
the channel cut layer 1 13 is formed. Drawing 23 is the cross section showing the element of the semiconductor device in the 
stage which this process finished. 

[00611 Drawing 24 is the cross section showing one process of the manufacture method of a semiconductor device which 
shows the form 3 of operation, and 302 is a photoresist mask in drawing. After removing the photoresist mask 301 with 
reference to drawing, the photoresist mask 302 which has opening is formed on the separation insulator layer of a nMOS 
field, the ion implantation of the p type impurities, such as boron, is carried out to the whole surface in 30-50KeV and about 
two 5x1012 to lxl013-/cm, and the channel cut layer 1 14 is formed. Drawing 24 is the cross section showing the element of 
the semiconductor device in the stage which this process finished. In the form 1 of operation, although the channel cut layer 
1 1 was formed in advance of formation of the separation insulator layer 4, after forming the separation insulator layer 4, a 
channel cut layer is formed in the form 3 of this operation. 

[0062] And like the form 1 of operation, after forming the silicon oxide by thermal oxidation in the whole surface (not shown) 
Form in a pMOS field the photoresist mask which has opening (not shown), and the ion implantation of Lynn or which arsenic 
n type impurity is carried out to the whole surface in 10-20KeV and about two 1x1012 to 5xl012-/cm. The impurity which 
adjusts threshold voltage to the channel formation field 120 is introduced, and this photoresist mask is removed (not shown). 
Then, the photoresist mask which has opening is formed in a nMOS field (not shown), the ion implantation of the p type 
impurities, such as boron and fluoridation boron, is carried out to the whole surface in 10-20KeV and about two 1x1012 to 
5xl012-/cm, the impurity which adjusts a threshold to the channel formation field 130 is introduced, and this photoresist mask 
is removed (not shown). 

[0063] Next, the gate insulator layer 5, the gate electrode 6, the source drain fields 72, 73, 82, and 83 of a pMOS field, the 
source drain fields 74, 75, 84, and 85 of a nMOS field, a sidewall 13, the layer insulation films 14 and 141, contact holes 15 
and 151, and wiring 9 and 91 are formed like the form 1 of operation. Thus, the semiconductor device shown in drawing 19 is 
formed. Each contact hole and wiring can change formation sequence like the form 1 of operation if needed, and a further 
different layer insulation film and further different wiring are formed in the upper layer, and they may turn into a multilayer 
interconnection. [ including the contact hole or wiring which are not shown in this drawing ] 

[0064] While being able to form the impurity layer 122 in semiconductor substrate 1 front face of the semiconductor device 
of the SOI structure which consists of the semiconductor substrate 1 , an embedded oxide film 2, and a semiconductor layer 3 
according to the manufacture method of the semiconductor device shown in the gestalt 3 of this operation An n type channel 
cut layer can be formed in the bottom of the separation insulator layer which separates the formed pMOS transistors. Under 
the separation insulator layer which can form an n type CHARU cut layer in the bottom of the separation insulator layer which 
separates pMOS transistors, and separates a pMOS transistor and a nMOS transistor p type and an n type channel cut layer 
can be formed so that the relation to pnpn with the impurity range of a transistor may become. And by fixing the potential of 
this impurity layer 122 and p type, and an n type channel cut layer, respectively It being common to each and fixing the 
potential of the channel formation field 10 of a pMOS transistor and a nMOS transistor Even if the potential difference occurs 
between the source drain fields of the pMOS transistor which adjoins through the separation insulator layer of partialness STI 
structure, and a nMOS transistor, while suppressing generating of the leakage current in this portion Pressure-proofing can be 
made high, and even if it turns minutely, the manufacture method of the semiconductor device whose separation property 
improved can be acquired. Furthermore, since the impurity layer 122 can be formed even not only in an isolation region but in 
the bottom of an active region when a pMOS transistor and a nMOS transistor adjoin and are formed, Since it incorporates in 
the impurity layer 122 and voltage is impressed, even if the impurity by which the ion implantation was carried out on the 
occasion of source drain field formation runs through the embedded oxide film 2 and reaches even the semiconductor 
substrate 1 , There is no possibility of becoming the cause of a circuit malfunction, and the manufacture method of a 
semiconductor device which improved can be acquired. 

[0065] Gestalt 4. drawing 25 of operation is the plan of the semiconductor device concerning the gestalt 4 of implementation 
of this invention. With reference to drawing, two or more sorts of different functional block on one semiconductor chip is 
formed in the semiconductor device concerning the gestalt 4 of this operation, and high integration and improvement in the 
speed are attained. And especially the thing in which control circuits, such as DRAM and a microprocessor (Micro 
Processor), are formed in this way is called mixed loading DRAM. Next, work of each functional block is explained. The data 
incorporated from the outside through the I/O section (I/O) section are controlled by the microprocessor section, and it is the 
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DSP (Digital Signal Processing) section, and high-speed processing is performed or they are read [ are memorized or carried 
out in the DRAM section, and ] from the DRAM section. At this time, the 1 st cache array (First Cache Array) section 
* synchronizes the digital data taken out from the DRAM section to the microprocessor section, and passes, or carries out the 
work which the data which finished processing are synchronized to the DRAM section, and passes them in the microprocessor 
section. And the 2nd cache array (Second Cache Array) section synchronizes an exchange of the data between the DSP 
section, the 1st cache array section, the microprocessor section, and the I/O section with each block, and has mediated it. 
[0066] With each functional block, the portion with the need of fixing the potential of a channel formation field in common is 
equipped with the transistor indicated to the form 1 of operation, or 3 according to the function, and the impurity layer 
according to it, and it does not need to be the same about the structure of a source drain field, the conductivity type of an 
impurity layer, and the voltage impressed. Here, although an example of functional block is shown, it is not restricted only to 
this combination and may have the transistor shown only in the part only one in functional block indicated the form 1 of 
operation, or 3, the transistor which may be equipped with the impurity layer according to it, and was shown in the form 1 of 
operation, or 3 about all the functional block, and the impurity layer according to it. 

[0067] In the semiconductor device with which two or more functional block was formed according to the semiconductor 
device concerning the form 4 of this operation in functional block Into a portion with the need of fixing in common, the 
potential of a channel formation field Since the conductivity type and the voltage to impress of the impurity layer which the 
1st and 2nd active elements separated by partialness STI were formed according to the function needed, and was doubled with 
it can be determined, while attaining detailed-ization A leakage current is suppressed and the semiconductor device equipped 
with functional block whose separation pressure-proofing improved can be obtained. 
[0068] 

[Effect of the Invention] Since this invention is constituted as explained above, it does the following effects so. this invention 
can make pressure-proofing high, and even if it turns minutely, it does so the effect that the semiconductor device whose 
separation property improved can obtain, while being able to suppress generating of the leakage current in this portion in the 
semiconductor device of the SOI structure have partialness STI structure as an isolation construction even if the potential 
difference occurs between the transistors which adjoin through a separation insulator layer, since an impurity layer forms in a 
semiconductor substrate front face. 

[0069] Furthermore, the MOS transistor which adjoins through the separation insulator layer of partialness STI structure has 
the same conductivity type. When being formed so that the source drain field may reach to an embedded oxide film Since the 
voltage clamp of the impurity layer of a semiconductor substrate front face is formed and carried out by the transistor and the 
reverse conductivity type while fixing the potential of the channel cut layer under a separation insulator layer, Even if the 
potential difference occurs between the source drain fields of the transistor which adjoins through a separation insulator layer, 
while being able to suppress generating of the leakage current in this portion, pressure-proofing can be made high, and even if 
it turns minutely, the semiconductor device whose separation property improved can be obtained. 
[0070] Moreover, it sets to the MOS transistor of the same conductivity type formed so that the source drain field which 
adjoins through the separation insulator layer of partialness STI structure might reach to an embedded oxide film. While being 
able to arrange mutual threshold voltage with a sufficient precision by making the channel formation field of the adjoining 
transistor into floating, and sharing it, without fixing the potential of the channel cut layer under a separation insulator layer 
Since the voltage clamp of a transistor and the impurity layer of a reverse conductivity type is formed and carried out to the 
semiconductor substrate front face under a separation insulator layer, Even if the potential difference occurs between the 
source drain fields of the transistor which adjoins through a separation insulator layer, while being able to suppress generating 
of the leakage current in this portion, pressure-proofing can be made high, and even if it turns minutely, the semiconductor 
device whose separation property improved can be obtained. 

[0071] Moreover, the MOS transistor which adjoins through the separation insulator layer of partialness STI structure has the 
same conductivity type. When being formed so that the source drain field may not reach to an embedded oxide film By 
forming the impurity layer of a semiconductor substrate front face by the same conductivity type as the source drain field of a 
transistor, and impressing the voltage which is a reverse bias to a semiconductor substrate Even if the potential difference 
occurs between the source drain fields of the transistor which adjoins through a separation insulator layer, while being able to 
suppress generating of the leakage current in this portion, pressure-proofing can be made high, and even if it turns minutely, 
the semiconductor device whose separation property improved can be obtained. 

[0072] Moreover, when the impurity range of the transistor formed through the separation insulator layer of partialness STI 
structure is a reverse conductivity type in SOI structure, while forming a semiconductor substrate and the impurity layer of a 
reverse conductivity type in the semiconductor substrate front face under an embedded oxide film Since p type and an n type 
channel cut layer are arranged so that the relation to pnpn with the impurity range of a transistor may become, and potential is 
fixed under a separation insulator layer, Even if the potential difference occurs between the impurity ranges of the reverse 
conductivity type of the transistor which adjoins through a separation insulator layer, while suppressing generating of the 
leakage current in this portion, pressure-proofing can be made high, and even if it turns minutely, the semiconductor device 
whose separation property improved can be obtained. 

[0073] Moreover, in SOI structure, diode is formed through the separation insulator layer of partialness STI structure. When 
the impurity range which adjoins through a separation insulator layer is a reverse conductivity type, while forming a 
semiconductor substrate and the impurity layer of a reverse conductivity type in the semiconductor substrate front face under 
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an embedded oxide film Since p type and an n type channel cut layer are arranged so that the relation to pnpn with the 
impurity range of diode may become, and potential is fixed under a separation insulator layer, Even if the potential difference 
♦ occurs between the impurity ranges of the reverse conductivity type of the diode which adjoins through a separation insulator 
layer, while suppressing generating of the leakage current in this portion, pressure-proofing can be made high, and even if it 
turns minutely, the semiconductor device whose separation property improved can be obtained. 

[0074] Furthermore, since it is characterized by to have been prolonged an impurity layer under an active region, and it is 
incorporated by the impurity layer and a voltage clamp is carried out to it even if the impurity poured in on the occasion of 
source drain field formation runs through an embedded oxide film and reaches even a semiconductor substrate by the impurity 
layer formed in a semiconductor substrate front face, there is no possibility may become the cause of a circuit malfunction, 
and the effect that the reliability of a semiconductor device improves does so. 

[0075] in addition, in the semiconductor device with which two or more functional block was formed, the potential of a 
channel formation field into a portion with the need of fixing in common, in functional block Since the conductivity type and 
the voltage to impress of the impurity layer which the transistor separated by partialness STI was formed according to the 
function needed, and was doubled with it can be determined, while attaining detailed-ization A leakage current is suppressed 
and the semiconductor device equipped with functional block which improved can be obtained. 

[0076] Moreover, since an impurity layer is formed in the semiconductor substrate front face of the semiconductor device of 
SOI structure and the wiring which fixes the potential of this impurity layer is formed, Even if the potential difference occurs 
between the impurity ranges of the transistor formed in the semiconductor layer front face through the separation insulator 
layer of partialness STI structure, while being able to suppress generating of the leakage current in this portion 
Pressure-proofing can be made high, and even if it turns minutely, the manufacture method of the semiconductor device 
whose separation property improved can be acquired. Furthermore, since it incorporates in an impurity layer even if the 
impurity by which the ion implantation was carried out runs through an embedded oxide film and reaches even a 
semiconductor substrate in case it is impurity-range formation since an impurity layer can be formed even not only in an 
isolation region but in the bottom of an active region, there is no possibility of becoming the cause of a circuit malfunction, 
and the manufacture method of a semiconductor device which improved can be acquired. 

[0077] Furthermore, since the ion implantation of the high-concentration impurity is carried out to the semiconductor layer 
under a separation insulator layer rather than a semiconductor layer and the channel cut layer is formed, the semiconductor 
device whose separation property improved further can be obtained. 

[0078] moreover, when the pMOS transistor and the nMOS transistor adjoin through the separation insulator layer of STI 
structure It can arrange so that one side of each source drain field and the channel cut layer formed in the bottom of a 
separation insulator layer may serve as pnpn. By fixing the potential of this impurity layer and p type, and an n type channel 
cut layer, respectively Even if the potential difference occurs between the source drain fields of the transistor which adjoins 
through a separation insulator layer, while suppressing generating of the leakage current in this portion, pressure-proofing can 
be made high, and even if it turns minutely, the manufacture method of the semiconductor device whose separation property 
improved can be acquired. 

[0079] Moreover, since an impurity layer is formed in the semiconductor substrate front face of the semiconductor device of 
SOI structure and the wiring which fixes the potential of this impurity layer is formed, Even if the potential difference occurs 
between the impurity ranges of the transistor formed in the semiconductor layer front face through the separation insulator 
layer of partialness STI structure, while being able to suppress generating of the leakage current in this portion 
Pressure-proofing can be made high, and even if it turns minutely, the manufacture method of the semiconductor device 
whose separation property improved can be acquired. 

[0080] Furthermore, since the ion implantation of the high-concentration impurity is carried out to the semiconductor layer 
under a separation insulator layer rather than a semiconductor layer and the channel cut layer is formed, the semiconductor 
device whose separation property improved further can be obtained. 



[Translation done.] 
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